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Abstract 
3-methyl-1-(4-sulfo-butyl)-benzimidazolium trifluoromethanesulfonate [BSMBIM][CF3SO3] as a new ionic liquid (IL) was 
synthesized and their structure was confirmed by NMR, FTIR and CHNS technique. The IL thermal stability is of the great 
significance for their applications. This IL thermal stability was investigated by TGA from 373.15-873.15 K with different 
heating rates (10, 15 and 20oC). The activation energy and pre-exponential factor were also evaluated using Kissinger (171.01 
KJ/mol and 9.88×1012 min-1), Ozawa (172.60 KJ/mol and 13.76×1012 min-1) and Starink (171.30 KJ/mol and 10.50×1012 min-1) 
methods, respectively. 
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1. Introduction 
 
Ionic liquids (ILs) are the organic materials which are mostly in the liquid form below 100 ºC and solely composed 
of cations and anions [1, 2]. Ionic liquids benign substitutes for volatile organic solvents, especially in the area of 
green chemistry and have been described as potential environmentally in a variety of applications. Their unique 
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properties include high thermal stability, low volatility, and remarkable recyclability. ILs present admirable vast 
liquid range, dissolving capacity, and for both inorganic and organic materials as suitable solvents, etc. [2–5]. ILs 
composed by a combination of flexible cations/anions and has capable use in designs for specific tasks [6]. 
The thermogravimetric analysis (TGA) technique is commonly used for the kinetic study of 
devolatilization processes [3]. There are too many works described in the literature on the investigation and behavior 
of various materials using TGA such as water evaporation [4], rubber derivative [5], natural fibers [6], plastic [7] 
and different varieties of biomass [8, 9] during thermal degradation. The IL was synthesized and their onset 
temperature shows high-temperature range because some ILs are reported in the literature [10] and claim that they 
have high onset temperature and the present IL range is very near to that. It is reported that the decomposition 
temperature strongly depends upon the structure of IL [11]. Literature also reported that ILs decomposition 
temperature depends upon the cation type because imidazolium-based showed better thermal stability compared to 
pyridinium and ammonium based ILs [11-13]. 
Most of the ILs thermal decomposition, as well as kinetics, are still unknown. It might be due to a large 
number of available ILs and look impossible to measure the kinetics of all synthesized ILs. But it is a desire to 
determine the thermal decomposition of ILs on the basis of their structure [11]. Hao et al cited [14] the [Bmim]Cl 
and [Hmim]Cl ILs decomposition kinetics and reported the ILs short and long isothermal stability by few attempts. 
The mechanism of kinetics and thermal decomposition is quite important for the application. 
The purpose of this work, to study the thermal stability and kinetic of the [BSMBIM][CF3SO3] by different 
reported methods. There is limited literature available on such type of study, but for specific high-temperature 
applications, a suitable selection and thermal decomposition of IL is important. 
2. Experimental 
All the chemicals (1,4-sultone, methylbenzimidazole, diethyl ether, trifluoromethanesulfonic acid) were 
obtained from Sigma-Aldrich (Malaysia), Merck (Germany) and used as received. 
 
2.1. Synthesis of IL 
 
1, 4-butanesultone was dissolved in toluene solvent contained in round bottom flask followed by adding a 
stoichiometric amount of 1-methylbenzimidazole under continuous stirring at room temperature for 72 hr. The 
resultant white solid (zwitterion) precipitate was filtered washed with diethyl ether and then dried under vacuum at 
100°C for 5 hr. The dried white solid (zwitterion) was re-dissolved in distilled water and added the 
trifluoromethanesulfonic acid dropwise at room temperature and stirred it. After 30 minutes, the reaction was stirred 
for 6 hr at 60°C. The final deep yellow viscous ILs were subjected for washing with diethyl ether and then dried in 
vacuum. The synthesized IL is shown in Figure 1. 
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Fig. 1. Synthesised IL chemical structure. 
 
2.2. Characterization 
 
 The structure was confirmed by NMR (Bruker Avance 500 MHz spectrometer), FTIR (Perkin Elmer-FTIR, 
spectrum one 54841), and elemental analysis (CE Instruments EA-1110). Coulometric Karl Fischer titration (Mettler 
217 Zahoor Ullah et al. /  Procedia Engineering  148 ( 2016 )  215 – 222 
Toledo DL 39) with Hydranal Coulomat AG reagent (RiedeldeHaen) was used for the determination of water 
content in the ionic liquid. 
 
 
2.3. Thermogravimetric Analysis (TGA) 
 
 The thermal properties of the synthesized ionic liquid were measured by Perkin-Elmer thermogravimetric 
analysis Pyris V-3.81 to investigate the thermal stability. A 5 mg of sample weight was taken in a TGA pan and 
analysed from 373.15-873.15 K at a heating rate of (10, 15, 20) K/min under nitrogen flow. The decomposition 
experimental temperatures were presented in terms of weight loss (%) and TG (K). 
 
2.4. Kinetic Study  
 
The kinetic study was evaluated using three established methods such as Kissinger, Ozawa and Starink methods. 
 
3. Result and Discussion 
 
 The synthesized IL was characterized and their results are described below: 
 
3.1. NMR and CHNS analysis 
 
3.1.1. 3-methyl-1-(4-sulfo-butyl)-benzimidazolium trifluoromethanesulfonate [BSMBIM][CF3SO3]: 
 
 Spectroscopic data: 1HNMR (500 MHz, D2O):  δ = 1.617-1.679 (m, 2H), 1.926-2.986(m, 2H), 2.774-2.804 
(t, 2H), 3.900(s, 3H), 4.322-4.351 (t, 2H), 7.449-7.467 (d, 2H), 7.600-7.682 (d, 2H), 9.003(s, 1H).  
 13C NMR (500 MHz, D2O):  21.246, 27.295, 32.915, 46.547, 50.091, 112.934, 120.923, 126.777, 131.028, 
132.009, 141.143. 
 CHNS elemental analysis for C13F3H17N2O6S2, Calculated (%): C = 37.32; H = 4.10; N = 6.70; S =15.33. 
Found (%): C=37.23, H=4.33, N=6.68, S=15.29.  
 FT-IR analysis (cm-1): 3152, 3076, 2959, 1623, 1574, 1490, 1465, 1428, 1354, 1250, 1167, 1030, 758, 640, 
601, 572, 518. 
 
Thermogravimetric analysis is a very common technique to determine the decomposition temperature. The 
thermogravimetric analysis of the synthesized IL was examined to study their thermal stability in the range of 
373.15-873.15 K as shown in Figure 2. The kinetic study was evaluated at three different heating rates (10, 15 and 
20 K/min). Figure 2 shows the change in weight loss with an increase of temperature of the IL at various heating 
rates. The TGA curves for all samples with increasing heating rate shift to higher temperature despite having similar 
shapes. 
The onset temperature (Tonset) was calculated by the instrumental software Pyris V-3.81, and appeared at 
330.74, 337.79 and 340.72oC at heating rates of (10, 15 and 20) K/min, respectively. This IL showing high thermal 
stability and it may be due to the stable anion (CF3SO3
─) [15]. The selected IL decomposition temperature was 
evaluated from TGA experiments and the dependence on the heating rate was investigated. For each specimen, the 
decomposition temperature was increased with the increased in heating rate as expected and a similar trend reported 
in the literature [16]. This trend is based on that when the low heating rate was applied a more prompt thermal 
energy to the system is provided and for the purge gas needed longer time to reach equilibrium with the temperature 
of the furnace of the sample. Although, higher heating rate takes a short time at the same temperature region. Thus, 
the maximum rate causes the curve to shift to the right. This explanation based on the heat transfer limitation [3]. 
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Fig. 2. TG curves (weight loss) of IL recorded at (10, 15, and 20) K.min-1. 
 
In Figure 3, the DTG curves show two decomposition stages. These two peaks in DTG curves may be due 
to the two materials (cation and anion portion) and may be due to loss of each material on different decomposition 
temperatures but there is no such literature available on such type of ILs.  Lee et al [17] reported the onset 
temperature of SO3H group functionalized containing ILs and claim that this onset temperature may be due to this 
group decomposition. If the onset temperature of the present IL is also due to this group then in DTG (Figure 3) the 
first decomposition stage is attributed to SO3H group. The temperature was noted for each of the first peak at (10, 
15, and 20) K/min as shown in Table 1. The DTG peaks move towards the right with the increase of heating rate 
from 10 to 20 K/min. In literature reported the related trend of DTG for biomass in which cellulose and 
hemicellulose show two decomposition stages [18, 19]. Fernandes et al [20] reported similar two DTG peaks for 
trimethoprim and sulfamethoxazole. The IL thermal stability evaluation is very important to know about their 
evaporation and decomposition. Sometimes use for very long time for different application purposes especially in 
industries. 
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Fig. 3. DTG curves of IL recorded at (10, 15 and 20) K.min-1. 
 
 
3.2. Kinetic analysis 
 
3.2.1. Kissinger–Akahira–Sunose process (KAS)  
 
 The KAS method [21] is also known as the Kissinger generalized process and can be expressed by the 
following equation: 
 
                  (1) 
 
 where β is the rate of heating. The g(α) is the mechanism and can be taken as unity and it is constant at a 
particular value of the conversion. The α indicates the value of the conversion and R the general gas constant.  
Through this method we can calculate the Ea by ploting ln(β/T2) vs. 1000/T
 
at the particular value of conversion (α), 
and we can calculate the slope from  –Ea/R. 
 
3.2.2. Ozawa Method  
 
 The Ozawa method simple mathematical form can be expressed as: 
 
                               (2) 
 
 where Ea is the activation energy. The plot of ( ) Vs 1000/T gives the slope which is equal to 
(−1.052Ea/R). Ea can be calculated at different heating rates of the given slope [22]. 
 
3.2.3. Starink Method 
 
 In 1996, a novel method was developed by Starink, combining the KAS and Ozawa methods  [23], both 
KAS and Ozawa methods can be formulated as following.  
 
                              (3)  
 
 In the above mentioned technique, if we plot [  versus T-1], the slope would give us Ea.     
The pre-exponential factor (A) was calculated by the following equation [24]: 
 
                                                                                                                                  (4) 
 
 
 To get the kinetic information such as activation energy, with different heating rates kinetic study was 
conducted. Apart from onset temperature activation energy is also very important and useful to evaluate the IL 
thermal stability [25]. To get the activation energy (Ea) and pre-exponential factor (A) for IL from 
thermogravimetric analysis was calculated according to Ozawa, Kissinger–Akahira–Sunose (KAS) and Starink 
methods. These reported methods are widely used for various kinetic parameters determination. The activation 
energy obtained and determined by Ozawa, Starink and KAS methods according to the equations no (1) (2) and (3) 
respectively. The Ozawa plot of ln(β) versus 1000/T of decomposition process for IL is shown in Figure 4, KAS plot 
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of ln(β/T2) versus 1000/T is shown in Figure 5, and Starink plot of  ln(β/T1.92) versus 1000/T is shown in Figure 6. 
Table 2 shows the value of apparent activation energies obtained by using different methods calculated from the 
slope of a regression line. The correlation coefficients (R2) calculated squares correspond to linear fittings and their 
obtained values are tabulated in Table 2. The results indicate that all the three methods are successfully applicable 
for the calculation of IL activation energy. 
The activation energy calculated by these three methods only for the first decomposition stage as shown in 
Figure 3, and their values are reported in Table 1, which are very near to each other. These activation energies are 
very high which presents that it is very stable IL. Because Efimova et al [16] reported ILs [EMIm] halides (Cl, Br 
and I) thermal stability and evaluated their activation energies (120, 125, 111) by Kissinger method and concluded 
that can be used for 24 h up to 130 oC, for one month at 100 oC, and for one year at 75oC. Hao et al [14] reported 
[Bmim]Cl and [Amim]Cl ILs and found [Bmim]Cl with higher activation energy and considered as a stable IL 
compared to [Amim]Cl. The calculated pre-exponential factor was determined by Equation (4) and their values are 
tabulated in Table 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
   
Fig. 4. Kinetic plot for IL using Ozawa method.                  Fig. 5. Kinetic plot for IL using KAS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Fig. 6. Kinetic plot for IL using Starink method. 
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Table 1. Temperature (Tmax) for IL found for various rates of heating  
 
rate of heating (K.min-1) Tmax(K) 
10 632.27 
15 639.80 
20 646.28 
 
 
        Table 2. Activation energy (Ea) calculated for IL using Ozawa, KAS and Starink methods 
 
 
 
 
4. Conclusion 
In this work one IL was synthesized and found in the dark yellow viscous form. The thermal pyrolysis 
shows that this IL is stable up to 330oC. Both the cation and anion type plays a major role in the ILs thermal 
stability. The parameters related to kinetics like Ea and A was calculated by Ozawa, Kissinger and Starink methods. 
These calculated activation energies are very high and correspond well with the measured decomposition 
temperature which shows the IL thermal stability. It is concluded that due to this high thermal stability this IL 
suitable for industrial application processes.  
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